The MOS Transistor:

Practice 4: Semiconductors
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When discussing pMOS transistors:

1.

2.

Everything that was positive is now negative, for example we need Vss<0 to turn the

transistor on.

Vs, Vsp, lsp, etc.

To make it more intuitive, we can look at the voltages upside down, in other words, use

In any case, the threshold voltage of a pMOS is negative (V1,<0). To use our “upside

down” voltages, we need to use the absolute value of Vr,, so we get:
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Exercise 1:
Consider a process technology for which:

cm?

L., =04um t, =8m u = 450V

V, =0V A~0 &, =345-10"

a. Find C, and k'
b. For a MOSFET with W/ ZSW/ , calculate the values of Ves and Vpsmin
L 0.8um
needed to operate the transistor in the saturation region with a DC current of
I =100LA.

c. Forthe device in (b), find the value of Vgs required to cause the device to operate

as a 1000Q resistor for very small Vps.

Solution
-11
a. C, =2o— % ~4.32 10‘352 ~4.32 ﬂ:z
t., 8-10 m 4m
2
"= 1.Cy =450 4321 _1.94.10% F 10422
V-s 4m Vs Vv
b. For operation in the saturation region: |, = %‘-V%(VGS -V; )2
8

so for a current of 1004, we get: 100 =0.5-194- = (Vg - 0.7)°

Vg —0.7=0.32V —V =1.02V and Vg i, =Ves —V; =0.32V
c. For the MOSFET in the Ohmic/Linear/Triode region with a very small Vps (so Vps2=>0):

los =K, 'V—V(VGS -V, )Vos . To find the drain to source resistance: o Ve 1 .
e IDS - 'Vl —
kn L (VGS VT)
1
Thus: 1000 = >V —0.7=0.52V — V =1.22V

194-10°-10(Vgs —0.7)



Exercise 2:

Two serially connected NMOS transistors are connected to the same gate voltage, as shown.

_—

The following parameters are given: “T Voo

K:Kl:K2:2O”%2 Vo =V, =V, =V V=3V

o 0w >

Prove that if Ny is cut off, M; is cut off as well. N2

Prove that N; can never be saturated. Vel =y
G out

Find the state of the transistors as we raise Vg from 0 to 5V.

The threshold of M; was doubled (Vr1=2V). Can both transistors
be saturated at the same time?

Show that the given configuration is equivalent to one transistor S
with Keq=0.5K when M1 is ohmic and M is saturated.

Solution

A

We know that Ni is cut off, so: Vi, =V, <V;

Looking at N, we see that Vi, =V, -V, <V <V; = Cut-off!

out

Let’s assume that Ny is saturated, so: Vg, >V, —V; <V, >V =V,
<V —(VG -V ) =V,

So Ves2<Vr meaning that N, is cut off. That contradicts the conduction of N3, so we

Now we’ll see what state N, is in: Vg, =V =V,

proved that N; can’t be saturated!

For a Ve<Vr we know both transistors are cut off.
When Vs=V1, N1 turns on and we know it can’t be saturated, so it’s ohmic.

Now VGSZ _VT :VG _Vout _VT |VG ~V; =V,

ot < Vps, S0 N is saturated!

If Ve and Vout get high enough, N, will go into ohmic conduction. Let’s see if and when it
happens. We'll see what happens on the border of saturation: Vi, =V, —V;

VDD -V, ut (VG -V,

(o] out

)=V; = Vg =V, +V; (note: this is higher than the supply)
Let’s summarize it in a table:

VG Nl NZ
0<Vgs<V7 Cut-off Cut-off

V1 <Vs<Vpp+Vr Linear Saturation
Vs> Vpp+Vr Linear Linear

Our condition for M; to be saturated still stands: V <V +V;,

Now let’s assume M is saturated and we’ll equate the current of the transistors:



K K
I ps1 :71(\/@ _(Z’VT ))2 = lps, Z?Z

Thisistrue when 2V =V, +V, = V , =V,

(VG _Vout _VT )2

We'll check that this holds for saturation of M; and M. For M1, we need:
Vos1 =Vour =Vr >V =Vi =V -2 = V<3V,
Combining the two conditions, we have saturation when: 3V, <V, <V, +V;

E. WEe'll equate the current through the two transistors:

K2 2 Vout2
IDSZ = ?(VG _Vout _VT) = IDSl =K (VG Vi )Vout _T
Vout2 - 2VGT\/out + 0'5VGT2 =0 VGT EVG _VT

1
Vout :VGT (li ﬁ]

Exercise 3:

The threshold voltage of a pMOS transistor was measured at standard conditions (no body
biasing) to be |Vu|=0.4V. Calculate the threshold voltage with a reverse body biasing of 2.5V.

The body effect coefficient is -0.4 and the Fermi potential is 0.3V.

Solution

Calculation of V4 is done with the following equation:

Vo, =V, + y((J|_zq>F +vSB|)_(J|_chF|))

With:
nMOS | pMOS
Of - +
Y + -
Vss + -

We were given a reverse body biasing of 2.5V, so Vsg=-2.5V. Accordingly:
Vy, =04 o.4(( -0.6-2.5) (-0 )) =-0.4-0.4-0.98=-0.79V

This is twice the standard threshold voltage of the transistor!



